Objective: To determine short-term effects of applied forearm Kinesio Taping (KT) on pain, wrist flexor strength, and force sense for baseball players with medial epicondylitis (ME).
INTRODUCTION
Medial epicondylitis (ME), commonly seen in baseball players and golfers, is an overuse injury often resulting in pain. [1] [2] [3] [4] The prevalence of ME in a general population is 4% to 13%, 5, 6 but the prevalence increases from 9.8% to 20% in athletes. 4, 7, 8 The main symptom of ME is pain at the medial side of the elbow, especially when the player performs wrist pronation and flexion while holding a racket or a baseball. 4, 9, 10 This pain symptom decreases the player's forearm force, which subsequently affects grip performance. [1] [2] [3] [4] Another characteristic of ME is the painful symptom at the medial side of the wrist flexor muscle group during palpation. [1] [2] [3] [4] This pain is particularly induced during the acceleration phase of throwing, with the increase of valgus of the elbow. [1] [2] [3] [4] This results in a traction effect at the junction between the wrist flexor and the medial epicondyle of the elbow, 7 and some studies have suggested that the incidence of developing elbow flexion contracture is 50%. [11] [12] [13] [14] Therefore, ME may be improved with pain control, with which forearm force may be increased. 15 Medial epicondylitis is usually treated by nonoperative treatment, which refers to a rehabilitation program and medication. 4, 7, 8, 10 Nonoperative treatment has been deemed highly successful, yet a few previous studies have reported that symptoms frequently recur with a 5% to 15% recurrence rate. 16 Taping is commonly used as an assistive technique in physiotherapy for injury prevention and rehabilitation. 10, 17, [30] [31] [32] [33] Kinesio Taping (KT) methods were introduced by Kase et al 17 in 1973, which is manufactured to be the similar thickness as human skin, weightless, and elasticity (130%-140%) in allowing for smooth body movement. 17 The material of KT is made of cotton with nonemulsion adhesive that is hypoallergenic with good permeability, elasticity, and adhesive. Kase et al 17 suggested that more space beneath the skin could be created by lifting the skin and fascia using the elasticity of the tape in allowing for better circulation. Kase et al also indicated 4 main functions of KT: (1) improve the contraction ability of the damaged muscle; (2) use the elasticity to create folds in the skin, resulting in areas of low pressure and areas of high pressure leading to a change in the flow of fluid under the skin, which will improve circulation of blood and lymph and reduce inflammation reaction and pain; (3) activate neurologic suppression to reduce pain and increase joint range of motion; and (4) adjust malalignment of muscle, myofascia, and joints. [17] [18] [19] Previous studies regarding the effect of KT on improving muscle strength only focus on healthy athletes, [18] [19] [20] [21] and studies about the effect on athletes with ME could not be found. This study aims to understand how forearm KT improves strength, force sense, and pain in baseball pitchers with ME.
MATERIALS AND METHODS

Participants
The sample size was determined with the results from a pilot study. 18 The statistical power was set at 80% with an alpha level of 0.05. 22 The power analysis demonstrated the need for at least 8 participants for the ME group.
Ten pitchers with ME and 17 healthy participants were recruited in this study. Participant demographics are presented in the Table. All participants received screening and were interviewed by a certified physiotherapist (C.H.Y.). No upper extremity injuries, cervical neuropathy, and referred pain were found in any of the participants during their screening. The inclusion criteria for participants with ME were (1) pain arising from the medial epicondyle, (2) a tender point over the musculotendinous origin of the common wrist flexor muscles, (3) a positive resisted wrist flexor test, and (4) induced pain during fist clench or holding a racket or ball resulted in a decrease of force output. The exclusion criteria during screening included elbow ligament injury or laxity, forearm fracture, or nerve injuries within the previous 6 months. Participants were provided with a detailed information sheet, informing them of the nature of the study and any associated risks. All participants gave their written consent to take part in this study and allow disclosure of their anonomised personal details. This study was granted ethics approval by the Ethical Committee of National Taiwan Sport University.
Taping Techniques
Three taping conditions were applied to each participant's forearm with an interval of 1 week including (1) no taping allowed (NT), (2) placebo taping (PT), and (3) KT. The 3 taping conditions were assigned by using a random number allocation table. As the tape was applied, all the participants were blinded to KT or PT. The taping procedure was conducted according to the recommendations of Kase et al. 17 Kinesio Tape was applied to the skin surface of the wrist flexor muscle of the dominant hand of healthy participants and applied to the injured arm of ME participants. Standard 2-in (5 cm) Kinesio Tex Tape (Kinesio Holding Company, Albuquerque, New Mexico) was applied in KT, and the SUN UP Tex Kinesiology Tape (T.C.C. LTD, Osaka, Japan) was applied in PT. The only difference between Kinesio Tex Tape and SUN UP Tex Kinesiology Tape is the arrangement of the adhesive grain ( Figure 1 ). Before applying the tapes for both KT and PT, the length of tape was measured from 2 cm inferior to the medial epicondyle of the humerus to the wrist joint line. A roll of tape was cut into a strip and then cut down the middle of the strip to produce 2 tails or a "Y-strip." The Y-strip was applied to the common wrist flexor muscle from its insertion to its origin with 15% to 20% stretch tension. To standardize the stretch tension, we measured the distance between the line 2 cm distal to the medial epicondyle of the humerus and the wrist joint line, and then we multiplied the distance by 0.8 to make the length of the tape. The first tail of the Y-strip was applied to the middle of the forearm with the wrist in a hyperextended position and with the elbow in full extension and supination. The second tail of the Y-strip, with same stretch tension, was taped along the medial edge of the forearm to wrap the common wrist flexor muscles ( Figure 2 ). All the application of taping was performed by 1 senior physiotherapist (C.H.Y.).
Outcome Measures
The outcome measures for this study consisted of maximal wrist flexor isometric strength, force sense of wrist flexor measurements, and pressure pain assessment. The maximal wrist flexor isometric strength assessment was measured by using a dynamometer (MicroFet 2; Hoggan Health Industries, Inc, Draper, Utah). The maximal wrist flexor isometric strength measured the upper arm that received assessment with the arm held tightly to the trunk, elbow flexion to 90 degrees, and wrist placed in supination position while participants were sitting ( Figure 3) . The dynamometer was mounted on a cage that had been locked on to the table to adjust the participants' forearm position. Participants placed their forearm into the cage and kept the dorsal side of middle phalangeal bone in fist position on the transducer head of the dynamometer. They were asked to flex their wrist as much as possible against the transducer head of the dynamometer for 5 seconds. A test-retest reliability test for the maximal wrist flexor isometric strength was determined using the dynamometer in a pilot study [intraclass correlation coefficient (ICC) = 0.878]. 23 Three trials were conducted for each participant, and mean values of the 3 trials were recorded for analyses.
After assessing maximal wrist flexor isometric strength, a force sense measurement followed. The same dynamometer was used to assess the force sense measurement. Fifty percent of the maximal wrist flexor isometric strength was set as the target force for the force sense measurement. Previous studies have suggested that using 50% of the maximal voluntary isometric contraction for the target force generates less error with force reproduction. 24, 25 To begin force sense testing, the participant exerted force against the transducer head of the dynamometer while receiving visual feedback from a mirror placed below the cage. The participants were allowed to observe the force value produced. Once the target force was achieved, the participant was instructed to maintain it for 5 seconds and to concentrate on how much force was being exerted. After 3 trials of practice and a 5-minute resting interval, the participant was instructed to test. With the mirror (visual feedback) removed, the participant was instructed to reproduce the force value. When the participant felt that the target force had been exerted, that force value was recorded. The measurement was repeated for 3 trials. The absolute force sense errors represent the absolute difference between the reference value and the actual values of each trial, whereas the related force sense errors represent the difference between the reference value and the actual values of each trial. The value was scored as negative when the reproduced value underestimated the reference value and scored as positive when the reproduced value overestimated the reference value. The result from each measurement was used to calculate the absolute error and related error for each participant. The average of the 3 trial errors, either related or absolute error, was used in the statistical analysis and final results. The higher the error scores, the lower the force sense the participant had. The test-retest reliability of force sense was determined in a pilot study (ICC = 0.704).
23
Pressure Pain Assessment
A pressure algometer (Pain Diagnostic & Thermography, Wagner Industries, Greenwich, Connecticut) with a 100-mm visual analog scale (VAS) was used to measure the localized pain in the muscle belly and muscle-tendon junction of the common wrist flexor muscles. Two variables were measured: pressure pain threshold (PPT) and 4-kg pressure pain tolerance. [26] [27] [28] The PPT was defined as the point at which the stimulus-induced sensation changes from pressure to pain, were represented in kilograms per square centimeter. [26] [27] [28] When the PPT assessment was performed, the pressure head of the pressure algometer was placed against the skin of the common wrist flexor muscle belly and muscle-tendon junction. The stimuli of the pressure head were progressively applied over the 2 locations, increasing intensity at 0.5 kg/s to elicit a pain sensation in the participants. When the participants reported feelings of "pain or discomfort," the experimenter recorded the value. [26] [27] [28] The higher the score of PPT, the less pain felt. Next, the stimulus was progressively increased to 4 kg, and the subjective pain level was recorded using the VAS to define the 4-kg pressure pain tolerance. [26] [27] [28] The VAS has been shown to be a valid, repeatable, and reliable tool for assessing pain. 26 The pressure pain assessment was composed of 3 trials with a 5-minute interval of resting time. The stimulus location was assessed in a random sequence. 27, 28 The lower the rating of VAS for a participant, the greater the pain tolerance. The test-retest reliability of the PPT and pressure pain tolerance tests was established in a previous pilot study, and the ICCs were 0.857 and 0.906, respectively. 23 
Statistical Analysis
All data were analyzed using SPSS 12 (SPSS, Inc, Chicago, Illinois). An independent t test was used to analyze the demographic data of participants between the healthy and ME group. A nonparametric Friedman test was used to analyze the difference among the 3 taping conditions for each group. A Mann-Whitney U test was used to compare the difference between the healthy group and the ME group for each taping condition. The level of statistical significance was set at 0.05.
RESULTS
The characteristics of the participants are presented in the Table. The results revealed no significant differences in age (P = 0.997), height (P = 0.371), and weight (P = 0.534) between the healthy group and the ME group. The results of the maximal wrist flexor strength showed no significant difference among the 3 taping conditions (Figure 4) , for both the healthy group (P = 0.838) and the ME group (P = 0.232).
There was a significant difference found among the 3 taping conditions in related force sense error for the healthy group (PT . NT, P = 0.036) but no significant results in related force sense error for the ME group (P = 0.741; Figure 5 ). For absolute force sense error, it was revealed that there were significant results among the 3 taping conditions for the ME group (NT . KT, P = 0.023; Figure 5 ) but no significant results for the healthy group. For the PPT, the results revealed a significantly increased threshold in the muscle belly and muscle-tendon junction after PT or KT was applied for both the healthy group and the ME groups (PT . NT and KT . NT, P , 0.05; Figure 6 ). For the 4-kg pressure pain tolerance, KT and PT applied had decreased the VAS compared with NT applied to muscle belly and muscle-tendon junction for both groups (PT . NT and KT . NT, P , 0.05; Figure 7 ).
DISCUSSION
The results demonstrated that the application of KT significantly improved in absolute force sense errors and decreased pain in pitchers suffering from ME, which means FIGURE 2. The procedure (A to C) of the applying tapes on the forearm for both KT and PT conditions. KT may facilitate the sensory input over the skin and further improve the magnitude of force control. However, the results showed no difference in related force sense errors between PT and KT. In the present study, the healthy participants with intact proprioceptors also showed response to tape application in the results of related force sense. The increased stimulation of the cutaneous proprioceptors, provided through direct contact between the skin and the tape, might have changed the proprioception awareness in both ME and healthy participants 29 and resulted in the difference between NT and PT in related force sense.
Although the results of the force sense measurement in PT and KT appeared different, the results of the PPT and tolerance improvement in both PT and KT showed consistency. This implies that the tape may have brought different impacts to the pain receptors and the proprioceptors.
Elbow pain often affects baseball pitchers' performance. 2, 3, 11 In this study, KT was found to raise pain tolerance and reduce pressure pain in baseball pitchers with ME, which agrees with the results from previous studies on patients with shoulder pain, acute whiplash syndrome, plantar fasciitis, and shoulder impingement syndrome. [30] [31] [32] [33] A possible mechanism may be the lifting effect created by the application of the KT, which reduces pain by improving circulation under the injury area. 34, 35 Another possible mechanism may be the reduced tension in muscles and myofascia from the application of the KT, which reduces stimuli to mechanoreceptors in the skin, 36 and subsequently relieves pain. Force sense is one of the components in proprioception and is responsible for the discrimination and estimation of the magnitude of force output and muscle tension. The receptors are mainly muscle spindle and Golgi tendon organ. 25, 37, 38 In this study, we found that KT could reduce absolute force sense errors in participants with ME, which is a relevant result for pitchers as it can be beneficial for improving the magnitude of wrist force control. [1] [2] [3] 7, 9 The result is similar with a previous study by Chang et al 18 with healthy participants. However, the results from this study do not support the reports from Halseth et al 39 and Murray and Husk, 40 a possible reason being that these 2 studies used joint position sense as the variable, which represented the function of joint receptor located in joint or surrounding capsules. This explains why The results of PPT measurement in 3 taping conditions for the healthy group and the ME group. A, Test performed at muscle belly. B, Test performed at tendon area. *P , 0.05.
Murray and Husk did not find KT beneficial to healthy participants at terminal range of the ankle joint, where the joint position receptor can be activated, [40] [41] [42] but at middle range of the ankle joint, where the muscle receptor can be activated at more than the joint position receptor. [40] [41] [42] Therefore, the effect resulted from the KT might be mainly on the magnitude discrimination of muscle force but not in joint position sense. However, in the present study, we also found that the KT applied could not change the related force sense, which means that the KT application only affects the magnitude discrimination of muscle force. Based on the pathophysiologic process of ME, 4,43 the injury area has exhibited degeneration of collagen tissue, neurochemical factors, and neovascularization due to tissue hypoxia. 4 , 43 Roland and Ladegaard-Pedersen 44 had mentioned that the muscle and tendon receptors responsible for tension sense would overestimate force with tissue ischemia. This may explain why there was no improvement in the related force sense. The results in maximal wrist flexor strength after application of KT agree with the reports from previous studies that using KT was not favored for increasing the strength of the wrist flexor. 18, 19, 21 However, Kase et al 17 claimed that KT could be beneficial to improve muscle performance. Some researchers suggested that the application of KT may alternate muscle bioelectric activity and time sequence of muscle firing. 20, 45 In these electrophysiologic reactions, the sensory integration of the central nervous system and nerve impulse transmission can be influenced by the stimulation to the proprioceptor from applying the KT on the skin, 29, 46 which may result in an improvement to the muscle coordination but not muscle strength.
Limitations
There are some limitations in this study. In this study, some data from PT demonstrate similar effects as KT. The difference of the material and viscose might be the factors causing different effects even though the tapes were applied using the same technique. This might be worthy for further investigation on the effect of KT in future research. In this study, although all tapes were applied by the same physiotherapist with a standardized technique, the extent of stretching force still could not be quantified and largely relied on the experience of the physiotherapist. Lastly, the learning curve that each participant obtained from each pressure pain assessment could not be ruled out, as the body awareness could be different in every participant as a result of the pain experience and tolerance. Most mechanisms from the effect of KT have not been identified; the treatment outcomes still rely on the taping technique, the material of the tape, and mostly clinical experience.
In conclusion, this study demonstrated that KT could improve discrimination magnitude of wrist force control and bring immediate pain relief to the symptom of ME but could not improve the maximal wrist flexor strength. FIGURE 7 . The results of pressure pain tolerance measurement in 3 taping conditions for the healthy group and the ME group. A, Test performed at muscle belly. B, Test performed at tendon area. *P , 0.05.
